All around Europe coastal managers are confronted with the problem of coastal erosion. One fifth of the enlarged EU's coastline is already severely affected, with coastlines retreating by 0.5 up to 2 m per year. The EU co-funded CONSCIENCE project aims to develop and test concepts, guidelines and tools for the sustainable management of erosion in order to support their effective implementation for the European coasts. The 3 year project is undertaken by a consortium of 8 partners from 7 European countries (Croatia, Ireland, Netherlands, Poland, Romania, Spain and the United Kingdom) and is now in its mid term.
Introduction

Coastal erosion as a problem
A major issue in many parts of European coasts is the occurrence of coastal erosion and associated risks. Roughly one fifth of Europe's coastline is suffering from coastal erosion (EUROSION 2004 , Dauvin, 2008 . Expenditures to mitigate coastal erosion are substantial but vary considerably per country. For instance France spends around 20 million euros per year on mitigating measures (Dauvin 2008) , whereas the Netherlands 41 million euros is annually needed, mainly for sand nourishments along its 300 km long coastline (Koningsveld & Mulder, 2004 ).
An often found misconception is that coastal erosion is always a problem. Especially when after a big storm the coastline has eroded again, the call for stern engineering measures is voiced by politicians and local people alike. Few know the difference between structural and episodic erosion. Few will know how natural coasts change due to fluctuations in forcing. And that erosion can be followed by coastal accretion when boundary conditions change, either at a seasonal, annual or much longer, geological time scale.
Coastal erosion could become a problem when there is no room to move: a highly urbanised coastal zone will certainly face difficulties with coastal erosion. But how much room is needed? And which human uses are compatible with a dynamic coastline? Is a more resilient strategy the solution, and how does this look like? Unless we know the natural behaviour of the coastline, we cannot formulate a sustainable, economically rational and socially acceptable coastline management strategy.
The CONSCIENCE project
The scope and urgency of coastal erosion was comprehensively studied and described by the EUROSION project 1 . The challenge is now to implement the recommendations of the EUROSION project in the framework of ICZM and Strategic Environmental Assessment (SEA). In 2006 the CONSCIENCE project 2 (Concepts and Science for Coastal Erosion Management) was launched with the objective to define and validate through pilot applications a methodology to support the implementation of the EUROSION recommendations. Central to the project is the notion that coastal erosion is a result of a sediment imbalance occurring in a coastal sediment cell. Linked to this cell, the project analyses the use of three other key concepts, namely i) coastal resilience as a management objective, ii) a favourable sediment status as benchmark and iii) strategic sediment reservoir as a management instrument. CONSCIENCE aims at developing these concepts into measurable standards, which can be used and evaluated in practice for any field situation. The 3 year project is undertaken by a consortium of 8 partners from 7 European countries (Croatia, Ireland, Netherlands, Poland, Romania, Spain and the United Kingdom) and is now halfway.
Key concepts for policy making
Coastal managers are confronted with the task to make decisions regarding the development of their shoreline, based on a large variety of aspects, both scientific and societal. The management concepts as formulated by the EUROSION project aim at streamlining these decisions. This implies the translation of basic coastal data, such as wave heights, littoral transport rates, storm conditions and sediment grain sizes into a characterisation of the sediment status for each of the coastal cells. Due to uncertainties, data gaps and knowledge limitations, this is not as straightforward as it seems, even in sites that are relatively well studied. The innovation in the CONSCIENCE project is in applying the coastal sediment management concepts in the context of data limitation and process uncertainty. In other words: how can a coastal manager combine the scientific process knowledge with the existing data in order to delineate coastal cells, quantify the strategic sediment reserve and formulate a favourable sediment status?
The coastal cell
Managing coastal erosion has everything to do with sediment budgets. This is common knowledge for decades within the coastal science community. The coastal (littoral) cell concept has already been used in many studies of sediment rich coasts around the world (for instance Bray et al., 1995; Cooper & Pontee, 2006 figure 1 ). Coastal systems often comprise a series of littoral cells linked by diverse transfer processes operating over different spatial and temporal scales. In many cases, cells are not so distinct and there are problems differentiating between independent and dependent, or connected coastal units. In addition, cell boundary definitions depend very much on the time scale one is interested in.
Long term sediment transport and bathymetry data are required to prepare a sediment budget. Sediment budget models are often very helpful to gain insight into the cell behaviour and determination of the boundaries and their fluxes. Despite much effort in coastal science, the determination of the correct fluxes for specific coastal environments is still often shrouded with large uncertainties. Processes such as cross-shore feeding due to wave asymmetry and differences between river bed and suspended loads are normally not considered in sediment budgets. Hence the integration of transport processes relevant for the short-, medium-and long-term presents a major scientific challenge. This results in a certain ambiguity when delineating coastal cells, particularly when considering the lateral cell boundaries (e.g. sedimentary fluxes near capes associated to wave concentration and possible self-sustained offshore transport). cell (source: Van Rijn, 1998) 
Fig. 1. Sediment fluxes in a coastal
Coastal resilience
Traditionally, most shoreline management policies tend to reduce the flexibility of the coastline, to minimize its natural dynamics because of the inconvenience it raises for human activities. Coastal engineering measures such as seawalls, dykes and groins try to fix the coastline so that land use can be orderly planned, houses built and harbours maintained. But there are also clear disadvantages to this kind of management. Maintenance costs are high and the ecologically important gradients from land to sea have disappeared. Hence, we see in many countries a shift in thinking about sustainable management of the coastal zone towards a more flexible approach that works with the natural processes instead of against it. Examples are sand nourishments, buffer zones (setback lines) and managed realignment of the coast.
This development gave rise to the idea to use coastal resilience as a basis for management. Several attempts have been made to describe the dynamics of shorelines through the concept of coastal resilience (Nicholls & Branson 1998; Klein et al., 1998; Ruessink & Jeuken, 2002) . It was found that the traditional mechanical interpretation of the term resilience which relies on an equilibrium state to which a system would rebound after being moved to another position does not work here. The reason is that most coasts are evolving systems and do not necessarily tend to an equilibrium (Klein et al., 1998) . Because of this, resilience should refer preferably to coastal functions: compatibility and adaptability of uses to coastal erosion management which allows natural fluctuations of the coastline. This interpretation is reflected in the definition of coastal resilience used by the EUROSION project as 'the inherent ability of the coast to accommodate changes induced by sea level rise, extreme events and occasional human impacts, whilst maintaining the functions fulfilled by the coastal system in the longer term ' (EUROSION 2004) .
Although this definition refers to a characteristic ('inherent ability') of the coast as a system, coastal resilience is more than a coastal status indicator. In the view of EUROSION it is a situation that needs to be maintained or actively restored. This normative interpretation makes it a objective for management and policy.
An example of how a coastal function can be compatible with a resilient coastline is beach recreation: during the storm season (autumn, winter) beach and dune erosion does not interfere with recreation as long as during the calm seasons the beach regains sufficient width again. Flexibility in recreational facilities such as semi-permanent beach pavilions and restaurants is an adaptation strategy to these natural variations well known to many coastal areas.
Strategic Sediment Reservoirs
The rationale of the Strategic Sediment Reservoirs stems from the fact that many coastal erosion problems are caused by a human induced imbalance in the sediment budget. Natural sediment sources are depleted by sand mining activities, fixed by coastal engineering structures or trapped in river reservoirs upstream. For example, Vorosmarty et al. (1997) estimated that approximately 30% of the global sediment flux is trapped behind large reservoirs. Restoring this balance will require identifying areas where essential sediment processes occur, and identifying strategic sediment reservoirs from where sediment can be taken without endangering the natural balance. Identification of sediment deposits that can be used for nourishment programmes is often done by management authorities and dredging companies with various techniques (Suter et al., 1989; Fontolan et al., 2007) .
Although the idea of a strategic sediment reservoir is relatively new, it builds upon scientific knowledge on coastal sediment transport processes. It thus links tightly with the description and understanding of the coastal cell and its sediment fluxes across the boundaries. It also links with the idea of controlled river floods and an alternative management of river basins. Therefore, the need to be able to quantify these fluxes and to elucidate the relative importance of the sources under various conditions is paramount.
Favourable Sediment Status
The concept of favourable sediment status links the coastal cell with the objective of coastal resilience. It could be argued that this status simply denotes the situation where the sediment balance is in equilibrium. But as with coastal resilience, this equilibrium is always dependent on the time scale on which observations are made. This calls for a more dynamic instead of static definition of the favourable sediment status. CONSCIENCE will therefore investigate the appropriate means to infer thresholds for a favourable sediment status based on sediment transport time series monitoring data. This will link not only to the sediment processes at the coastal cell unit level but also to the coastal functions and uses. Indeed, for a non-inhabited coastline erosion is far less of a problem than for a densely urbanised coast. Hence, the favourable sediment status is a typical example where scientific knowledge and socio-economic considerations have to be combined in order to get practical and justifiable thresholds.
Making the concepts work
A frame of reference for coastal erosion management
In order to effectively use these concepts in the management of coastal erosion, we need to know their role in decision making. Although the actual process of coastal management varies considerably from place to place, we can nevertheless distinguish a number of elements that seem to recur in many situations of decision-making. These elements can be grouped in a basic frame of reference which we can use as a template for rational decision making in coastal management (Koningsveld, 2003) . The template has been applied for several coastal management policies, e.g. for the Dutch coastline policy (Koningsveld & Mulder, 2004) . By positioning each of the concepts under study at the appropriate place in the template, the relation between the concepts becomes clear as well as their supposed functionality for decision-making (see Fig. 2 ). d. Evaluation procedure: Impact assessment of the action taken. If the action was not successful it may be necessary to revise the strategic/operational objectives (hence the feedback loops in Fig. 2 ).
Although the distinction between the strategic and operational management objectives is not always clear, the former objective usually has a longer term perspective than the latter. Since the framework is independent from any time or spatial scale, operational objectives at one scale can be labelled 'strategic' on another. In this example, promotion of coastal resilience has been identified as an operational objective.
In this example the coastal sediment cells and strategic sediment reservoirs are the quantitative state concepts the behaviour of which can be described by coastal state indicators. Hence, these concepts are not the ultimate goals for management, but certain 'conditions' through which a higher goal, in this case coastal resilience, can be reached. Based on the knowledge of the coastal morphology and data on transport rates across the sediment cell it is possible to assess the current sediment status of the coastal cell. For instance, the cell can lose sediment, which results in a structural erosion of the coastline. This information is passed on to the benchmarking procedure, where it can be compared with a (predefined) favourable sediment status. This status need to be quantified, e.g. 
Figure 2: Frame of reference for implementing coastal erosion management
Now that we have embedded the concepts in the management process, it becomes clear how the concepts need to be made operational and quantified. For the behaviour of the sediments in the coastal cell and the coastline process knowledge is available through both simple and sophisticated models (Sutherland, 2007) . These models can be used to interpret the current situation as well as to predict impacts of human interventions (either intended or not) and to explore the effects of climate change. With respect to the favourable sediment status scientific knowledge alone is not sufficient.
Here the normative interpretation expressed as the desired state of the coast is needed. This relates to the operational objective, which by definition is (or should be) derived from a policy vision on the coast.
Further exploration of the concepts
Having identified the role of each of the concepts in the management process, we can make them operational. This is done by using three perspectives, each with its own questions:
-Scientific validity: does the concept relate to a theory? Is there empirical evidence linked to the concept? Is there a body of knowledge?
-Political relevance: can the concept be linked to judgements, legislation, ethics, economy or culture?
-Practical (management) usefulness: can the concept be measured? Is it explainable to people? Is it fit for regulation? Can it be embedded in the management process?
As we have seen in the brief description of each of the concepts, the answers to each of these can be quite different. For example, the coastal sediment cell has acquired acceptance in the scientific field, but is far less embedded in the political or administrative domain: coastal cells often do not have any administrative or juridical status. In practical terms, however, the concept is quite useful as it can be delineated and transport fluxes can be measured. On the other hand, coastal resilience is easily used in the political realm, despite (or maybe thanks to) its weak scientific theory and difficulty in measuring it.
These questions will be addressed during the remainder of the CONSCIENCE project. This will be done by testing the frame of reference and its concepts in 6 pilot sites of the project, enabling a representation of different European coastal erosion situations. These sites are located in Ireland, the Netherlands, Spain, Poland, Romania and the UK. The usefulness of coastal state indicators (CSI's), defined as a reduced set of parameters that can simply, adequately and quantitatively describe the dynamic-state and evolutionary trends of a coastal system, will be evaluated.
Conclusions
Our preliminary findings from the pilot sites indicate that coastal practitioners are mostly unaware of most of the EUROSION concepts. Sometimes they use different wording for the same concepts, which is fine. Or they have an alternative management approach, which can then be compared with the one described above. But more often it seems that the erosion problem is tackled in a rather pragmatic way without an explicit policy approach, thus lacking clearly identified objectives and benchmarks for management. In those situations the concepts should show their added value by assisting the manager to ask the right kind of questions to both the specialist and policy maker.
Our project aims at contributing to bridge the gap between knowledge on coastal dynamics on the one hand and the decisions that need to be made in the face of acute or chronic coastal erosion on the other. We are conscious of the fact that this does not only require more scientific knowledge, but also an ability to translate these concepts into meaningful indicators that are understandable by nonspecialists. Furthermore, it should be possible to measure these indicators in an appropriate space/time frame.
Ideally, the concepts should be applicable in all erosion prone coastal environments regardless of the political choices of the objectives for management. In other words, they should tell us what happens if we hold the line but also if we decide to give room to move. If these concepts indeed can enable a more informed, rational decision-making, their use should be actively promoted.
